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ABSTRACT

Economic development that continues to pay attention to environmental sustainability has
become a global challenge in addressing the increase in CO, emissions. Thus, the
realization of environmental sustainability efforts requires strategic steps through green
finance from the dynamics of the economy for the environment. The impact of green finance
becomes part of a non-linear investigation into CO, emissions. The target area of the
research is developed countries involved in the Belt and Road Initiative (BRI) over the period
from 1990 to 2023. Based on Stochastic Impact through Regression on Population,
Prosperity, and Technology (STIRPAT) using regression methods with models such as two-
way fixed effects and the PFMOLS Model, applying DK because the panel data is also
complemented with cross-sectional (CD). The empirical facts from the analysis conducted for
developed countries show a significant relationship between green finance and CO,
emissions, which has an inelastic effect on environmental degradation. However, after
reaching a certain threshold, it can gradually reduce environmental degradation. Additionally,
there is a long-term equilibrium relationship between all explanatory variables and CO,
emissions. All existing findings serve as evidence of an inverted U-shaped relationship
occurring in the developed countries of the BRI region. The existing findings have
implications for policy implementation in economic growth to support the use of
environmentally friendly energy by adopting and innovating to achieve environmental
sustainability.
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The global situations in the face of increasing climate change, many countries in the
world have set goals to reduce carbon emissions and achieve environmental sustainability.
On the other hand, the rapid development of global industrialization has resulted in
environmental problems caused by the increasing consumption of fossil energy, which has
gradually threatened the sustainable development of the environment. In recent years, the
increase in carbon emissions has exceeded the carrying capacity of the environment. A
series of climate change phenomena caused by global warming have had a wide impact due
to the rapid progress of economic development by the financial sector that ignores the
ecosystem (Muhammad et al, 2021).

Empirically, in facing the challenges of increasingly serious environmental degradation,
countries are massively building sustainable environmental development policies. So that
efforts to reduce carbon emissions through the implementation of policies that favor
environmental sustainability as a preventive measure in managing energy consumption from
sources with high carbon emissions (Abbasi et al., 2021). It aims to promote economic
development and preserve the environment and resources that are essential for human
health. However, it should also be noted that traditional environmental policies will restrict
business behavior and are considered to cause an economic slowdown (Demirel and
Kesidou, 2019). Meanwhile, in its development by policymakers because of its ability to
promote economic growth and protect the environment to be a solution step at the same
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time. Governments around the world can use this concept's adoption and innovation
measures aimed at making economies greener (Capasso et al., 2019).

To achieve the goal of building a green economy with carbon neutrality by 2060, it will
be necessary to take solutions to transform the low-carbon development process. In this
endeavour, green finance plays an important role. This is because green finance
encompasses economic activities that support environmental sustainability in a focus on
addressing climate change while providing effective and efficient resource utilization (Habib
et al., 2024). Such activities involve the provision of financial services for project investment,
project operations, and risk management activities across a range of sectors including
environmental protection, clean energy conservation in the form of green transportation and
green buildings (Khoury et al., 2024).

Green finance is not only an activity like traditional finance, but also the development of
environmentally friendly energy conservation that can reduce carbon emissions. In its core
function, the performance of green finance is not much different from traditional finance. Both
are forms of financing based on market performance to allocate funds according to their
terms. However, there are differences between the two, namely that traditional finance is
based on the opinions of rational economic people, which can be interpreted as focusing on
maximizing interests and prioritizing the goals achieved and minimizing risks. However, the
problem is less addressed in resources and the environment (Chen et al, 2023). In contrast,
green finance as a basic requirement is to consider the sustainability of environmental
sustainability. Of course, the main goal is to achieve sustainable development between the
financial industry and its socio-economy (Yuan et al., 2024).

The implementation of green finance in reducing the impact of global climate change in
developed countries is generally in line with the provisions of carbon emission guarantors in
the green finance market (Sartzetakis, 2021; Banga, 2019). In its application, green finance
is also empirically a link between economic development in a region with attention to
environmental sustainability, so that developed countries that are members of the Belt and
Road Initiative (BRI) can provide a strategic role from the application of green finance to
minimize carbon emissions caused by environmental degradation. Therefore, more attention
is needed in carrying out further research with a focus on developed countries in the
implementation of green finance to reduce carbon emissions.

In general, green finance studies have focused on developed BRI countries that have
undergone a rapid transformation from ecological surplus to ecological deficit, largely due to
the region's extraordinary growth over the past decade. In addition, BRI countries account for
twenty-one percent of global GDP, as well as accounting for forty-one percent of the world's
population with foreign exchange reserves of four trillion US$ (Ibrahim et al, 2023; Udeagha
& Muchapondwa, 2023). In general, it can be interpreted as controlling a large part of the
global economy. The resulting economic growth also causes the region to consume more
than forty percent of global energy, making it a major contributor to global CO2 emissions
(Danish and Wang, 2019).

Therefore, this study has an impact on environmental sustainability. To the best of our
knowledge, this study is the first to investigate the non-linear effects of green finance on CO2
emissions in developed countries in the BRI region for the period 1990-2023. In addition, this
green finance study reviews the EKC hypothesis and focuses on developed countries in the
BRI Region, which can provide findings and policy implications for environmental
sustainability. Based on these considerations, it motivates us to examine the dynamic impact
of green finance in reducing CO2 emissions.

Implications that can be obtained from the study of green finance of developed
countries in the BRI Region, especially for policy makers and governments. Efforts to realize
environmental sustainability by implementing policies that can encourage the implementation
of green finance. This is an effort to reduce the gap in green project investment activities
(Bhutta et al., 2022). Based on after the review for the introduction, the next section is a
literature review that will review related previous research on the topic under study, then on
the research methodology which is explained in detail, the results and discussion that will be
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interpreted and analysed based on previous research. Finally, the conclusion summarizes
the overall research and future directions.

Consistent efforts to preserve a country's environment are well underway, requiring a
legal and economic balance that supports resource efficiency in management effectively and
efficiently. These activities are part of the next generation getting the benefits of
environmental sustainability from the challenges of environmental degradation.

METHODS OF RESEARCH

To investigate the impact of green finance on CO2 emissions, we used STIRPAT
(Stokastic Impact through Regression on Population, Prosperity, and Technology) developed
by Dietz and Rosa (1997). The basic model of STIRPAT can be expressed in an exponential
form as follows:

Iy = aP}

Al Thu 1)
Where: | indicate the environmental impact, P represents the population of a country, and A
indicates prosperity, T indicates technology and p is the term error of the STIRPAT model
that implies the stochastic process of the stochastic process. For empirical analysis, the
model can be transformed into a log-linear transformation as follows:

lnlit = Qy + (Xllnpit + (]2 lnAit + G3lnTit + uit (2)

The STIRPAT model has also been further refined by Donglan et al., (2010). In
addition, some researchers have developed this model by adding additional factors (Ma et al,
2017; Niu & Lekse, 2018).

Since our basic model covers the impact of green finance on CO, emissions, we have
modified and expanded the STIRPAT model in the following form: Our extended and
modified STRIPAT model includes structural transformation and green finance variables as
well as additional factors such as fertility rate, financial development and natural resources,
which have been neglected by previous researchers.

lnEPCOZit =0<0+0<1 lnEIit + 0(2 lnGFit + 0(3 lnEGit + 0(4 lnNRR+ O<5 lnFDit +O<6 lnTOit + uit (3)

Here CO2 emissions measure environmental impact, El shows energy intensity which
is a proxy for technology (T), Economic Growth per capita represents prosperity (A). Based
on the studies of (Amna, 2024), (Fuxia, 2023), (Hong-Min 2022), Kwami and Samuel, (2022),
for Economic Growth (EG), Green Finance (GF), Natural Resource Rent (NRR), Trade
Openness (TO), and Financial Development (FD) variables are additional control variables.
Lower energy intensity (EI) signifies greater use of green technologies, greater reliance on
cleaner energy, and less consumption of primary energy sources (fossil fuel consumption).
Therefore, previous studies have used El as a proxy for the effect of technology on the
environment (Nezahat and Mehmet, 2019; Jean et al, 2021; Daniel et al, 2022).

Previous studies by Oluyomi et al, (2020) and Malika and Samir (2023), have also
successfully applied a non-linear version of the non-linear STIRPAT model to test the EKC
hypothesis. Therefore, we include a squared EG term in Equation 4 to test the bell-shaped
relationship between economic growth and environmental degradation.

InEPCO,, =y+o¢; InElj+o; InEGy, + <3 InEG} +c¢4 InGF;, + o5 INNRR;,+ ¢ InFD; +0o¢; InTO;, + H, (4)

Equation 4 tests the EKC hypothesis by including the squared term of EG. We expect
an inverted U-shaped relationship between EG and CO2 emissions if the coefficient of EG is
positive (>0) and the coefficient of its squared term is negative-lower than zero (<0). Coupled
with the EKC hypothesis, the non-linear relationship between energy intensity and CO2 has
been examined in equation 5 to test whether there has been a structural shift in the energy
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structure. In equation 5 for the energy intensity (El) variable, an inverted U-shaped
relationship is expected if the El coefficient and its squared term are positive (>0) and
negative (<0), respectively.

lnEPCOzit =X+ lnEGit+0(2 lnElit + 3 lnEIlzt + Xy lnGFit+ X5 lnNRRit +Xg lnFDit X7 lnTOit + uit (5)

We have added the quadratic term of green finance (GF?) to equation (6) to prove the
green finance theory, which states that green finance is considered as the main driver of
environmental protection and sustainable development. One of the main roles in creating
environmental sustainability is through the implementation of the green economy, which also
includes budgets used specifically as environmental carrying capacity (Lee, 2020;
Muhammad et al, 2021; Zhijuan et al, 2022; Julie, 2023). The expected result is a negative
coefficient of GF so that the green finance theory can be accepted (a6 < 0).

lnEPCOzit =0<0+0(1 lnEIit + Xy lnEGit +0(3 lnGFit +0(4 lnGFlzt + X5 lnNRRit +0(6 lnFDit +0(7 lnTOit + “it (6)

We have collected annual data for the period 1990-2023 from the World Development
Indicators (WDI) database of the World Bank and the International Renewable Energy
Agency (IRENA). As the dependent variable, carbon emissions (metric tons per capita) in our
study. Meanwhile, there are Green Finance (GF), Energy Intensity (El), Economic Growth
(EG), Natural Resources Rents (NRR), Trade Openness (TO), Financial Development (FD)
as independent variables. This research study uses panel data from 38 developed countries
in the BRI Region. This research aims to examine the effect of green finance on CO,
emissions.

Table 1 — Description of Variables

Variables Abbreviation Measurement scale Unit Source
Environmental Pollution- EPCO- CO; emissions that from people's economic ~ Metric tons  WDI
Carbon Dioxide Emissions activities such as fossil fuel combustion per capita
(EPCOy) Fossil fuels, cement production, and gas
flaring.
Green Finance (GF) GF Indicator of the performance of 2019 IRENA
environmental management nationally million
related to environmental protection and usb
management.
Economic Growth/ GDP EG A value added of goods and services % of WDI
growth (EG) produced by various production units in the annual
territory of a country in a certain period of
time
Total natural resources NRR The economic rent of a natural resource % of GDP  WDI
rents (NRR) equals the value of capital services
rendered by the natural resources
Energy Intensity El Energy use kg of oil equivalent per capita % of GDP WDI
scaled by GDP per capita
Trade Openness (TO) TO The outward or inward orientation of a given % of GDP WDI
country's economy.
Financial Development FD Measures the level of development of a Percent WDI
(FD) country's financial sector including the
development of financial markets and
institutions

The data collection period starts from 1990 and ends in 2023 due to the availability of
consistent data on all variables. Before applying panel unit root test and estimation
procedure Before applying panel unit root test and estimation procedure, all variables have
been transformed into logarithm form to reduce the possibility of econometric problems such
as autocorrelation, heteroscedasticity, dimensionality of variables and improve the reliability
of estimation (Hossain, 2011; Shahbaz et al., 2012; Wang et al., 2017).

Cross-sectional presence can make empirical results biased, false, and misleading.
Previous research generally used Breusch and Pagan (1980) to test cross-sectional
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dependencies, but this method has some econometric problems. Therefore, Pesaran (2004)
introduced stronger tests such as Cross-sectional Dependency (CD) and Langrage Multiplier
(LM) to address the shortcomings of previous methods. The following equation presents the
CD and LM tests.

_ 2T N-1yN = ).

CD = (N(N_l)) (Zi=1 j=i+1 pij) :N(0,1) (7)
_ 2T NeiwN =~ O\ T—RpE—E—k)p}

Cp = (N(N—l)) ( =1 &j=i+l pij) var (T—k)p} (8)

The results of the cross-sectional dependency test are given in the table. Almost all
show very significant values at a significance rate of 1 percent, which clearly indicates that
our data has a cross-sectional dependence problem in terms of green finance and CO,
emissions.

Because our data has cross-sectional dependency problems, the unit root panel of the
first generation of tests is inappropriate. Therefore, we have implemented the second
generation of test root units proposed by Pesaran (2007) that consider cross-sectional
dependence. The basic equation of each variable can be expressed as follows:

Ve =0 =®u + 9y + U,i=1..... ,Nt=1,.... ,T 9)
Where: error term pit can be stated as the function of an unobserved common factor ft.
My = Vift + €t (10)

Where: ¢it indicates an idiosyncratic country-specific factor, so equation (11) can be
transformed into the following equation:

Dy = a; + BiYie—1 HVift + & (11)

Hence the Cross-sectional Augmented Dickey-Fuller (CADF) panel unit root test can
be expressed as follows:

Ay = a; + byyi—1 + d; AP + & (12)

In equation (12), the null hypothesis of non-stationary is based on the OLS estimator to
determine the order of integration relating to each series. Moreover, the t-statistic of CADF
can be mathematically stated in equation.

Dyifdyy;
t:(N,T) = 7—11/2 (13)
3i()’wayi,—1)

The more specific case of the above-mentioned generalized form is stated in the
following equation but requires simulation for the determination of critical values of Cross-
sectional Im Pesaran Statistic (CIPS).

CIPS(N,T) =t=N"1¥N, ¢, (N,T) (14)

After examining the problem of cross-sectional dependency and unit root, the next step
is to determine the co-integration relationship between series by applying the latest
techniques from Westerlund (2007), which is a cointegration test based on error correction
that allows cross-sectional dependence problems. One of the outstanding features of this
method is that it is based on structural dynamics, not residual, and therefore not affected by
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unobserved factors (Tufail et al., 2021). The econometric model can be expressed as
follows:

Dy = 8/de + a;yi—1 + AXieq + Zfll a; Avy_; + Zj-nzo Aij Dxie_; + e (15)

In this equation, ai determines the speed of adjustment at which short-run fluctuations in the
model are restored to long-run equilibrium. Westerlund (2007) has developed four tests to
determine co-integration. The first two tests are called group mean statistics and can be
stated as follows:

_ 1N a;
G = 23 (16)

_lyn T
Ga

T NaiElg )

17)

If these two tests are statistically significant, we can reject the null hypothesis that there
iS a cointegrating relation among variables in the whole panel. The remaining two-panel
statistics examine the existence of cointegrating relation in at least one country.

Panel co-integration testing only builds co-integration relationships between variables.
However, the aim of this research is not only to determine the long-term impact of green
finance on environmental degradation, but also to investigate its non-linear impact, which
cannot be done by co-integration methods. For this purpose, we have implemented an
advanced test of Dynamic Seemingly Unrelated Regression (DSUR) proposed by Nasreen et
al., (2018). This technique is very flexible and not only addresses the endogeneity problem
but also considers the heterogeneity of samples and cross-sectional dependencies that are
not possible with the traditional method of ordinary smallest square (Haseeb et al., 2019).
Following studies from Danish et al. (2019), we also apply the method of dynamic smallest
guadrant (DOLS), and the smallest modified square regression square, as additional strength
tests, which consider cross-sectional dependency and produce a strong standard error
(Baloch et al., 2019).

Following the Danish et al. (2019) study, we also applied an AMG developed by
Eberhardt and Teal (2010) to analyse the effects of the green finance path on environmental
degradation for each country. AMG is An Autoregressive Distributive Lag (ARDL) panel
model that is better than the first-generation ARDL panel technique because it allows cross-
sectional dependency and sampling heterogeneity at the same time. This method combines
a Common Dynamic Effect (CDE) into its two-stage process estimate for addressing problem
problems of intersection dependencies. Furthermore, this method has no precondition for
non-stationarity and co-integration between variables (Danish et al., 2019). Based on the
main features of this AMG, the method is best suited to investigating the impact of green
finance at the state level on environmental degradation.

RESULTS AND DISCUSSION

The results and discussion section are organized systematically. First, we discuss the
results of the panel cointegration test to establish the long-run relationship between CO,
emissions, green finance and other control variables. Second, this research study examines
the non-linear effect of green finance on carbon emissions. Finally, there is a review of the
description of the empirical results of the panel causality test to identify the intermediate
relationship between the variables considered.

The study checks the stationary condition of the concerned variables dependent and
independent such as Green Finance (GF), Energy Intensity (El), Economic Growth (EG),
Natural Resources Rents (NRR), Trade Openness (TO), Financial Development (FD) after
determining. The presence of Cross-Section Dependence (CSD) and slope heterogeneity
test.
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Table 2 — CSD and Slope homogeneity test

Variables CSD Test

F- Value P-Value
El 24.472*** 0.000
GF 23.392%** 0.000
EG 22.638*** 0.000
NRR 24.281*** 0.000
FD 30.482*** 0.000
TO 30.662*** 0.000
Slope homogeneity test
Test Value P-Value
A 7.328*** 0.000
A Adjusted 10.558*** 0.000

Note: *** ** and * shows 1%, 5% and 10% level of significance.
Source: Authors' computation.

The slope coefficient homogeneity and cross-sectional dependence test results from
Pesaran (2007) are presented in Table 2. Based on our empirical results, we reject the null
hypothesis of slope coefficient homogeneity and accept the alternative hypothesis indicating
the existence of diversity and differences between cross-sectional units, in practical
assessment terms, the findings for El, GF, EG, NRR, FD and TO indicate the existence of
slope coefficient diversity at various significance levels.

Panel unit-root results have been reported in Table 3. All variables contain unit root at
level and become stationary at first difference as stated by values of CADF and CIPS.

Table 3 — Panel Unit Root Tests

Variabel CADF CIPS

C C+T C C+T
InEl 2.638** 1.342** 1.167 1.396
InGF 3.486 1.832 1.678** 2.227*
InEG 1.067 1.331 1.681 2.422*
INNRR 2.889 1.115 1.215 1.775
InFD -2.338*** -2.221 % -1.931%* -2.668***
InTO -1.217%* -2.395** -2.249** -2.772%*
INEPCO, -2.741* -2.351* -2.281** -2.948%**
AlInEl -3.577*%* -4.289*** -4.449** -3.228%**
AInGF -4.227** -3.992** -4,992%** -4.384***
AINEG -5.243** -4.817** -4.588*** -4.998***
AINNRR -5.115%** -4.,799*** -3.487*** -3.447***
AInFD -4.255** -5.579** -5.467** -3.792%*
AInTO -3.576%** -4.748%* -3.699%** -4.112%*
AInEPCO, -3.559%** -3.336*** -3.578%* -5.668***
Critical Values at:
1% level of significance -2.48 -2.27 -2.72 -2.38
5% level of significance -2.78 -2.59 -2.22 -2.88
10% level of significance -2.79 -2.88 -2.49 -2.62

Note: C and C+T indicates constant and constant and trend respectively. Source: Authors' computation.

As shown in table 3. as well, all variables have increasing trend and seem to exhibit the
same order of integration, which is also confirmed by the panel unit results of LLC and IPS. If
the variables are cointegrated at first difference, then panel cointegration tests such as
Pedroni, Kao and Fisher can be applied to establish long-term association between
variables.

Before examining the long-run non-linear effects of green finance on carbon emissions,
this study determines the long-run equilibrium derived from the relationship between the
variables considered. The results of Kao's panel cointegration test are reported in Table 4.
The ADF test values are significant at the 1 percent significance level for developed
countries in the BRI Region, indicating a long run cointegration relationship between green
finance and CO, emissions, energy intensity, trade openness, financial development and
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natural resources. The ADF test is also significant at the 1 percent critical value for
developed countries. These results indicate the existence of long-run cointegration among
the variables considered for the sub-sample.

Table 4 — Kao Panel Cointegration Test

Developed countries in BRI Region

t-Statistic Prob.
ADF -5.6526*** (0.0000)
Residual variance 0.0045
HAC variance 0.0018

Note: *** represents 1% level of significance. Source: Author’s computation.

In the next analysis, the non-linear impact of the economic growth (EG) variable
together with its quadratic on CO, emissions. In addition, explanatory variables such as
energy intensity (El), green finance (GF), natural resources rent (NRR), financial
development (FD), trade openness (TO) are also investigated on CO, emissions. In testing
the EKC hypothesis, three panel regression models are used, namely two-way fixed effects,
FMOLS and DK regression. Table 5 reports the results of EG and its explanatory variables.

Table 5 — Testing EKC Hypothesis across Developed Countries in BRI group

Variables 2W-FE-1 2W-FE-2 PFMOLS-1 PFMOLS-2 DK-1 DK-2
El 0.5703*** 0.5711*** 0.6516*** 0.6815*** 0.5765*** 0.6885***
(0.0180) (0.0144) (0.0127) (0.0166) (0.0142) (0.0188)
EG 0.2710*** 0.2573*** 0.1641*** 0.1867*** 0.2363** 0.2317*
(0.0525) (0.0520) (0.0143) (0.0101) (0.1813) (0.0154)
EG? -0.0642*** -0.0737*** -0.0764*** -0.0744*** -0.0721*** -0.0706***
(0.0043) (0.0047) (0.0018) (0.0058) (0.0116) (0.0054)
GF 1.1441*** -1.1755*** 1.3326*** 2.3006*** -2.2367*** 2.3034***
(0.1167) (0.0175) (0.0411) (0.0671) (0.1402) (0.2177)
NRR 1.0241*** 2.0134 *** 1.4464*** 1.8714*** 2.0043 *** 2.0048***
(0.0074) (0.0145) (0.0144) (0.0049) (0.0166) (0.0107)
FD 0.0267*** 0.0139*** 0.1064*** 0.7030*** 0.0177* 0.0163*
(0.0022) (0.0036) (0.0026) (0.0038) (0.0026) (0.0027)
TO 0.0142*** 0.0188*** 0.1064*** 0.2449*** 0.0158* 0.0021*
(0.0011) (0.0023) (0.0066) (0.0128) (0.0048) (0.0026)
BO -15.0570*** -14.1653*** n/a n/a -13.5312*** -12.5114%***
(0.2144) (0.8821) (0.6622) (0.7446)
Country Effect Yes Yes Yes Yes
Year Effect Yes Yes
Adj. R-square 0.7143 0.7133 0.7741 0.8842 0.6721 0.6082
F-stat 138.33*** 112.23*** 2163.82** 1732.34***
P-value (F-stat) (0.0000) (0.0000) (0.0000) (0.0000)
Hausman value 52.04*** 45.440*** --- --- ---

Note: *** ** * indicate 1%, 5% and 10% significance levels, respectively; 2W-FE, two-way fixed effect; PFMOLS,
panel fully modified OLS; DK, Driscoll Kraay regression; standard errors are reported in parentheses (). Source:
Author’s computation.

Based on Table 5, the EG variable has a positive and significant impact on CO,
emissions. A 1 percent increase in EG can have an increasing impact of 0.16-0.27 percent
on reducing environmental degradation. In line with the research of Shaari et al, (2020), for
upper middle-income countries, economic growth does not significantly affect CO,
emissions. In high-income countries, economic growth can increase CO, emissions in
Canada and the United States, while it does not affect emissions in Poland, Belgium, and
Saudi Arabia. Different from the results of the analysis of the squared term of EG, the results
found a negative and significant effect on CO, emissions. This means that for the squared
EG variable, a 1 percent increase can lead to about 0.06-0.07 percent decrease in carbon
emissions. These results show that there is an inverted U-shape of the effect of the EG
variable on CO, emissions, which further confirms the EKC hypothesis. The results of the
study are in line with Khan et al, (2021), In high-income countries, economic growth drives
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carbon emissions, supporting the environmental Kuznets Curve hypothesis. However, the
impact varies, suggesting that while growth may increase emissions, the relationship is not
uniform across different income levels.

Based on these results, it can be interpreted that the EG variable initially causes an
increase in CO, emissions, which in turn impacts the decline in environmental quality.
However, after reaching a certain threshold, it can reduce environmental degradation. This
indicates that changes can be made in environmental sustainability policies. These findings
are in line with the study by Yousaf et al. (2022), which shows a U-shaped relationship
between economic growth and carbon footprint in high-income countries, indicating that while
initial economic growth increases carbon emissions, further growth can lead to reductions
through improved ecological efficiency and changes in energy consumption. Then, from the
analysis results for all control variables starting from EI, GF, NRR, FD, and TO, positive and
significant results were shown.

The results of the analysis of the explanatory variable for El indicate that a 1 percent
increase in El results in an approximately 0.57-0.68 percent increase in CO, emissions.
Similar findings were reported by Alola & Joshua (2020), in their study which showed that
fossil fuel consumption exacerbates environmental hazards in high and upper-middle-income
countries, while the use of renewable energy has a positive impact on environmental quality
in these economies, although the effects vary across different income classifications.
Meanwhile, Tomi¢ et al. (2022). This study shows that total primary energy supply has a
positive impact on CO, emissions, indicating that higher energy intensity in high-income and
upper-middle-income countries can contribute to increased carbon emissions, limiting the
prospects for green development.

The Green Finance (GF) variable can increase environmental degradation in countries
targeting CO, emissions. Based on the GF coefficient values, almost all are positive in all
models, indicating that for every 1% increase in GF, there is an effect of approximately 1.14-
2.30 percent in increasing environmental degradation. The results of this study are in line
with Saha et al. (2024), which show that green finance significantly reduces carbon
emissions in moderate emissions among high-income and upper-middle-income countries,
while the impact is minimal for low-emission countries. However, even major emitters like
China and Russia only show marginal effects.

The variable of natural resource rents (NRR) can degrade environmental quality in
targeted countries through unsustainable natural resource management aimed at boosting
economic growth. The results of this study are in line with Tufalil et al. (2021), which state that
natural resource rents have a positive impact on carbon emissions in high-income and
upper-middle-income countries by increasing emissions. However, this study found that
effective resource management, alongside fiscal decentralization, can lead to a reduction in
CO, emissions in these countries. Also supported by Lin et al. (2024) that natural resource
rents positively affect CO, emissions per capita in high-income and high-income countries,
as shown by the research findings. This indicates that an increase in resource rents can lead
to higher emissions, highlighting the need for effective environmental policies.

Furthermore, financial development and trade openness positively affect CO,
emissions for the overall panel in all six models; a 1 percent increase can cause
approximately 0.01-0.70 and 0.01-0.24 percent increases in environmental degradation.
These findings are in line with Cao et al. (2021), where financial development and trade
openness in high-income OECD countries contribute to an increase in carbon dioxide
emissions. This study shows that while globalization and institutional quality help reduce
emissions, financial development and economic growth have a negative impact on
environmental outcomes.

The examination of the relationship between energy intensity (EI) and CO, emissions
in this study also investigates an inverted U-shaped relationship for the target countries. In
Table 6, based on the results presented, it can be seen that there is a non-linear impact of
energy intensity on CO, emissions. From the results of the El coefficient values, it can be
explained that there is an increase in CO, emissions of about 0.31-0.40 percent due to a 1
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percent increase in energy intensity. Unlike the results of the analysis for the square of El,
which shows an effect of about 0.08-0.12 percent reduction in environmental degradation.

Energy intensity positively and significantly influences the improvement of
environmental quality in the long term. The results of this test are in line with Tudor et al.
(2023). In high-income and high-income countries, structural transformation reduces carbon
intensity, while economic growth significantly reduces carbon intensity. This study shows that
these countries have effectively decoupled economic growth from carbon intensity,
highlighting the importance of renewable energy in this context. As previously tested, as
shown in Table 6, we found significant positive effects from other variables such as EG, GF,
NRR, FD, and TO on carbon emissions.

Table 6 — Testing Non-linear Effect of Energy Intensity on CO, Emissions

Variables 2W-FE-1 2W-FE-2 PFMOLS-1 PFMOLS-2 DK-1 DK-2
El 0.2702*** 0.3107*** 0.2106*** 0.2224*** 0.3143*** 0.2305***
(0.0024) (0.0028) (0.0088) (0.0084) (0.0041) (0.0077)
El? -0.0751*** -0.0702*** -0.1134%** -0.1167*** -0.1890*** -0.1138***
(0.0099) (0.0103) (0.0109) (0.0045) (0.0128) (0.0102)
EG 0.6139** 0.5604*** 0.3561*** 0.4171*** 0.4013*** 0.3732***
(0.0402) (0.0203) (0.0130) (0.0014) (0.0704) (0.0615)
GF 0.0525*** 0.0512*** 0.0225*** 0.0125*** 0.0754*** 0.0771***
(0.0132) (0.0151) (0.0164) (0.0138) (0.0103) (0.0529)
NRR 0.0157** 0.0445** 0.0156** 0.0183*** 0.0133*** 0.0178***
(0.0033) (0.0081) (0.0071) (0.0065) (0.0256) (0.0484)
FD 0.0671*** 0.0612*** 0.0566*** 0.0514*** 0.0563*** 0.0506***
(0.0027) (0.0171) (0.0112) (0.0021) (0.0124) (0.0132)
TO 0.0149*** 0.0237*** 0.0133*** 0.0188*** 0.0158** 0.0194**
(0.0023) (0.0032) (0.0048) (0.0047) (0.0027) (0.0011)
BO -7.408*** -7.0011%** -6.8756*** -7.5254***
(0.2030) (0.2427) (0.1148) (0.2783)
Country Effect Yes Yes Yes Yes
Year Effect Yes Yes
Adj. R-square 0.435 0.437 0.772 0.778 0.443 0.447
F-stat 122.75%** T77.42%* 1134.24** 1310.55**
P-value (F-stat) 0.0000 0.0000 0.0000 0.0000
Hausman value 41.70*** 42 77*** --- --- ---

Note: *** ** * indicate 1%, 5% and 10% significance levels, respectively; 2W-FE, two-way fixed effect; PFMOLS,
panel fully modified OLS; DK, Driscoll Kraay regression; standard errors are reported in parentheses (). Source:
Author’s computation.

Based on the analysis test for the EG variable, it shows a positive and significant effect
on CO, emissions. This can be interpreted that a 1 percent increase in EG can result in an
increase of 0.35-0.61 percent in carbon emissions. These findings are supported by Khan et
al. (2021), which show that economic growth drives carbon emissions in high and upper-
middle-income countries, as evidenced by this research. However, the impact varies, with
the Environmental Kuznets Curve hypothesis observed only in high-income countries,
indicating a different relationship between growth and emissions across income levels.

The value of the GF coefficient also shows significant and positive results, indicating
that a 1 percent increase causes approximately a 0.01-0.07 percent decrease in the quality
of the generated environment. The results are consistent with previous research by Zhijuan
et al. (2022), which found that green financing significantly reduces CO, emissions in the
long term by increasing the negative emission response to renewable energy investments. It
is very important for policymakers to complement renewable energy investments with green
financing to ensure environmental sustainability.

Meanwhile, the coefficient values of the NRR, FD, and TO variables also show
significant and positive results, indicating that a 1 percent increase causes approximately
0.01-0.04, 0.05-0.06, and 0.01-0.02 percent increases in CO, emissions. These results are
supported by previous research by Khan et al. (2024), which shows that dependence on
natural resources and trade openness increase per capita carbon emissions, while the
development of Fintech can reduce emissions both directly and indirectly. However, the
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impact of renewable energy consumption on carbon emissions remains statistically
inconclusive. In line with previous research, this paper focuses on the new BRICS
economies, rather than high-income and high-income countries. It was found that natural
resource rents and financial development significantly increase carbon emissions.

The subsequent investigation between the green finance (GF) variable and its
gquadratic to obtain an inverted U-shaped relationship in all models, namely the two-way fixed
effects, PFMOLS Model, and DK. Testing was also conducted on all explanatory variables
such as energy intensity (El), Economic Growth (EG), Natural resource rent (NRR), Financial
development (FD), and Trade openness (TO). Based on Table 7, the results of the
investigation into the bell-shaped relationship between green finance and other explanatory
variables can be determined.

The results of the test between GF and CO, emissions across all models showed that
a 1 percent variation in green finance causes an increase in environmental degradation by
approximately 0.64-0.71 percent. However, the analysis of quadratic GF results in a 0.01-
0.08 percent increase in environmental quality. Based on these results, it confirms the
existence of an inverted U-shaped relationship between green finance and the increase in
CO, emissions for several BRI countries. These results are consistent with the research by
Zhijuan et al. (2022), which states that green finance supports decarbonization through
capital allocation and project screening, initially increasing CO, emissions before curbing
them after reaching a certain inflection point. This N-shaped relationship indicates that
effective green financing can ultimately reduce CO, emissions related to construction.

Table 7 — Testing Non-linear Effect of Green Finance on CO, Emissions

Variables 2W-FE-1 2W-FE-2 PFMOLS-1 PFMOLS-2 DK-1 DK-2
El 0.6329*** 0.5362*** 0.5407*** 0.6601*** 0.4581*** 0.5472***
(0.0175) (0.0105) (0.0142) (0.0277) (0.0156) (0.0188)
EG 0.0166* 0.0184* 0.0250 0.1820** 0.0266 0.0623
(0.0173) (0.0138) (0.0125) (0.0077) (0.0181) (0.0206)
GF 0.7013*** 0.7145%** 0.6653*** 0.6531*** 0.6463*** 0.6488***
(0.0114) (0.0217) (0.0062) (0.0047) (0.0142) (0.0155)
GF? -0.0329** -0.0811*** -0.0407*** -0.0631*** -0.0581*** -0.0128*
(0.0175) (0.0167) (0.0142) (0.0128) (0.0156) (0.0381)
NRR 2.5510%** 2.2821*** 3.7535*** 3.5682*** 3.4116*** 3.1526***
(0.0044) (0.0021) (0.0025) (0.0081) (0.0022) (0.0079)
FD 0.1253*** 0.0144*** 0.0112%** 0.0183*** 0.0177* 0.1019*
(0.0044) (0.0020) (0.0031) (0.0055) (0.0068) (0.0044)
TO 0.0613*** 0.0536*** 0.0270*** 0.0401*** 0.0475*** 0.0622***
(0.0156) (0.0144) (0.0047) (0.0093) (0.0067) (0.0129)
BO -13.7111%** -16.1443*** -11.2101%** -12.4507***
(0.6208) (0.6118) (0.7258) (1.0406)
Country Effect Yes Yes Yes Yes
Year Effect Yes Yes
Adj. R-square 0.7843 0.7277 0.8499 0.8117 0.5198 0.7422
F-stat 116.22*** 71.63*** 1703.21*** 1482.17**
P-value (F-stat) (0.0000) (0.0000) (0.0000) (0.0000)
Hausman value 76.44*** 52.71%** --- --- ---

Note: *** ** * indicate 1%, 5% and 10% significance levels, respectively; 2W-FE, two-way fixed effect; PFMOLS,
panel fully modified OLS; DK, Driscoll Kraay regression; standard errors are reported in parentheses (). Source:
Author’s computation.

In addition, this research also investigates all the explanatory variables in Table 7, and
all the current explanatory variables also find a positive and significant impact from El, EG,
NRR, FD, and TO. In general, all the results from these explanatory variables are similar to
the results presented in the previous table. The regression results from all models indicate
that each 1 percent increase in all explanatory variables causes an increase of 0.45-0.66%,
0.01-0.18%, 2.28-3.75%, 0.01-0.12%, and 0.02-0.06 percent in environmental degradation.
The results are consistent with the research by Garda (2022), which focuses on the new
BRICS economies, rather than high-income countries. It was found that energy consumption,
economic growth, natural resource rents, and financial development have a positive impact
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on carbon emissions, while trade openness has a significant negative relationship with
emissions. From the regression results, it can be interpreted that all explanatory variables
have an impact on the decline in environmental quality.

An analysis of the non-linear impact of green finance on the overall panel has been
tested for Developed Countries in the BRI group. In Table 8, the results of the non-linear
green finance analysis for Developed Countries in the BRI group have been presented. This
initial section discusses the results regarding the non-linear effects of energy intensity (EI) on
CO, emissions. From the analysis results, it was found that a 1% fluctuation in El leads to an
impact of approximately 0.316-1.17 percent increase in CO, emissions, in contrast to the
quadratic EI where each 1 percent change results in a decrease of 0.10-0.12 percent for
environmental degradation. Thus, these findings support the EKC hypothesis and structural
transformation regarding the inverted U-shaped relationship. High consumption of fossil fuels
is part of high energy intensity. However, when a certain threshold is reached, there will be a
decrease in energy intensity, which is made possible by the adoption and innovation of
environmentally friendly technologies. This encourages the improvement of environmental
quality in high-income countries. These findings are consistent with our research and align
with the results of Sayed et al. (2018) and Eleni (2022). which explains that this study shows
that in high-income countries such as the United States and Germany, energy intensity
significantly affects CO, emissions, with a positive contribution from income levels.

Table 8 — Non-Linear Effects of Green Finance across Developed Countries in BRI group

Variables EI? EKC GF?

El 1.1425%* 11718 1.1745%* 0.8930"* 0.8708"* 0.8813"* 05391  0.5463"* 0.1566"
) (0.0431)  (0.0421)  (0.0394)  (0.0212)  (0.0199)  (0.0194)  (0.0309)  (0.0298)  (0.0268)
0.1014%*  0.1139%*  0.1178%*
(0.014)  (0.0134) (0.0127)  --
EG 1.0287%*  1.0535%*  1.0501%*  2.0142%* 16247+ 17180**  0.8391**  0.7860*** -

, (0.0255)  (0.0238)  (0.0224)  (0.1453)  (0.1492)  (0.1555)  (0.0381)  (0.0373)  --
0.0618**  0.0374**  0.0429**
(0.0086)  (0.0089)  (0.0094) - -
GF 0.0325 -0.0131  -0.0103  0.0407 0.047 0.0277 0.0672%*  0.1151%*  0.1411%*
(0.0460)  (0.0440)  (0.0412)  (0.0451)  (0.0418)  (0.0399)  (0.0119)  (0.0165)  (0.0114)

GF?
0.0177%*  0.1124%*  0.0277**
(0.0461)  (0.0412)  (0.0527)
NRR - - - -0.0241*  -0.0185*  -0.0113** - - -
0.0367**  0.0327**  0.0337*** 0.1146%*  0.1129%*  0.1622***
(0.0116)  (0.0110)  (0.0105)  (0.0115)  (0.0106)  (0.0104)  (0.0214)  (0.0558)  (0.0188)
FD - - - -0.003 -0.0162% - - - -
0.0243%*  0.0396%**  0.0383*** 0.0183%*  0.1065***  0.1560%*  0.1534%*
(0.0064)  (0.0062)  (0.0053)  (0.0064)  (0.0064)  (0.0060)  (0.0177)  (0.0115)  (0.0126)
TO - - 0.0772%*  0.0672**  0.0662* 0.0662 **  0.7511*  0.7561*  0.7435%*

0.0227**  0.0789**
(0.0228)  (0.0667)  (0.0782)  (0.0662)  (0.0920)  (0.0298)  (0.0528)  (0.0438)  (0.0541)
Adj.R? 0.9623 0.9562 0.9322 0.9638 0.9872 0.9772 0.9855 0.9572 0.9821

Note: *** ** * represent 1%, 5% and 10% levels of significance, respectively; PFMOLS is Panel Fully modified
OLS; Ad;. R%is adjusted R-square. Source: Author’s computation.

The EKC hypothesis testing was also conducted for the economic growth (EG) variable
using the three PFMOLS models. The results of the analysis show that a 1 percent
fluctuation in EG can increase environmental degradation by 0.79-2.01 percent. Meanwhile,
a 1 percent quadratic fluctuation in EG can reduce CO, emissions by approximately 0.04-
0.06 percent. These findings show a bell-shaped relationship between EG and CO,
emissions, confirming the EKC hypothesis in the target countries. In general, people living in
high-income countries have increased their self-awareness regarding environmental
conditions. Various efforts are made by utilizing the adoption of environmentally friendly
technological innovations, so that the community can care about and implement strict
regulations. The findings are in line with previous research by Bo and Yayun (2022) and
Xiaoyu (2023). This study shows that as economic growth increases, production-based CO,
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emissions also rise. In addition, economic growth is also associated with increased
emissions, highlighting the challenge of balancing economic development with environmental
sustainability.

The current study also verifies an inverted U-shaped relationship between GF and CO,
emissions. Based on the PMOLS regression results in Table 8, it can be explained that a 1%
variation in GF significantly increases CO, emissions by approximately 0.06-1.14 percent,
while the quadratic term shows a different result, which is negative and significant, indicating
a decrease in CO, emissions by about 0.02-0.11%. Based on these results, an inverted U-
shaped relationship was found between GF and CO, emissions for high-income countries.
From these findings, it shows that GF has a positive impact on environmental quality. Green
finance significantly reduces CO, emissions, especially in high-income countries, by
promoting sustainable construction practices and energy-efficient technologies, which
ultimately leads to a lower carbon footprint. These results are also confirmed by previous
studies by Mei-Hsin (2022) and Zhe et al. (2023) for high-income countries.

In other control variables, all have a positive and significant impact on environmental
degradation. The results from the three PFMOLS models reported for NRR indicate that the
abundance of natural resources can reduce environmental degradation in upper-middle-
income countries. These results are in line with the research by Dong et al. (2022), which
states that effective resource utilization can lead to emission reductions, promote
environmental quality, and support sustainable economic development through innovative
technologies and practices.

In addition, there is also a financial development variable that contributes to reducing
environmental degradation. These findings confirm that FDV plays an important role in
funding projects for various activities that support the sustainability of environmental
conservation. This finding is supported by Duminda et al. (2023), who found a positive effect
of financial development on environmental quality. Financial development in institutions
negatively impacts CO; intensity in developed countries, while access to financial institutions
also has a negative impact. Additionally, financial stability in the market reduces CO,
intensity in these high-income countries, highlighting the complex relationship. Another
effect, according to Bo et al. (2023), of financial development in high-income countries can
lead to a reduction in CO, emissions by facilitating investments in renewable energy and
promoting sustainable practices, which ultimately contribute to a decrease in greenhouse gas
emissions and improved environmental governance.

Trade openness has a positive impact on the increase in CO, emissions, as open trade
and financial development significantly reduce carbon emissions in high-income countries.
The results are similar to the discussion in the previous table. The results of trade
liberalization are in line with Yanzi (2023), where in high-income countries, trade openness
generally correlates with lower carbon emission efficiency. This indicates a negative
relationship between trade openness and carbon emissions in developed regions, including
Europe and Oceania, where emissions management is more efficient compared to low-
income regions.

CONCLUSION

The phenomenon of implementing green finance has become part of the challenge of
global issues. Over the course of several decades, it has impacted environmental dynamics.
Therefore, in this research study, a thorough investigation was conducted on the impact of
green finance on CO2 emissions through the STIRPAT model using data from sixty-six
countries that represent all variables and are consistent over the period 1990-2023. This
study investigates the non-linear impact of energy intensity (El), Economic Growth (EG),
Green Finance (GF), Natural resource rent (NRR), Financial development (FD), and Trade
openness (TO) along with their quadratic terms using the model.

In this study, because the panel data is also equipped with cross-sectional (CD), it also
applies DK which functions to examine the validity of previous research results. Can provide
strong estimates for econometric cases such as serial correlation, heteroskedasticity, and
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CD. This study also uses the D-H panel causality approach. The panel causality approach is
used to determine the unilateral or bilateral causal relationship between variables. Based on
the empirical analysis that has been conducted, there is a long-term equilibrium relationship
between all explanatory variables and CO2 emissions. In addition, there is also a significant
relationship between green finance and CO2 emissions. Based on the results obtained as
evidence of the EKC hypothesis in developed countries in the BRI region.

Therefore, to support the EKC hypothesis, a non-linear investigation of energy intensity
against CO2 emissions was also conducted. Based on the study conducted at the income
level of developed countries, a U-shaped relationship was found between energy intensity
and CO2 emissions. This finding emphasizes that there has been a specific adoption of
environmentally friendly technological innovations in the long term to reduce environmental
degradation.
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